No study has investigated the relationship between hospital-admission neutrophil and lymphocyte ratio (NLR) and various stroke risk factors. We sought to determine which stroke risk factor could be the most appropriate predictor of NLR in acute ischemic stroke. Methods: We collected data on various stroke risk factors and National Institutes of Health Stroke Scale (NIHSS) score in 1,053 acute ischemic stroke patients. The regression analysis was adjusted for confounding factors such as stroke risk factors. Results: There was a trend of increased NLR with a rise in alcohol consumption, the prevalence of hypertension, cardioembolism (CE) etiology, the NIHSS scores in men and the prevalence of atrial fibrillation, other heart diseases, CE and small vessel occlusion etiology and the NIHSS scores in women. Multiple linear regression analyses, adjusted for confounding factors, showed that the atrial fibrillation and NIHSS scores in men and atrial fibrillation, diabetes mellitus as well as NIHSS scores in women had a significant positive association with NLR. However, a negative association was showed for body mass index (BMI). Conclusion: We confirmed that the atrial fibrillation can be a predictor of high NLR in acute stroke patients, and diabetes mellitus as well as low BMI could be a predictor of high NLR in female acute ischemic stroke patients.
Background:
No study has investigated the relationship between hospital-admission neutrophil and lymphocyte ratio (NLR) and various stroke risk factors. We sought to determine which stroke risk factor could be the most appropriate predictor of NLR in acute ischemic stroke. Methods: We collected data on various stroke risk factors and National Institutes of Health Stroke Scale (NIHSS) score in 1,053 acute ischemic stroke patients. The regression analysis was adjusted for confounding factors such as stroke risk factors. Results: There was a trend of increased NLR with a rise in alcohol consumption, the prevalence of hypertension, cardioembolism (CE) etiology, the NIHSS scores in men and the prevalence of atrial fibrillation, other heart diseases, CE and small vessel occlusion etiology and the NIHSS scores in women. Multiple linear regression analyses, adjusted for confounding factors, showed that the atrial fibrillation and NIHSS scores in men and atrial fibrillation, diabetes mellitus as well as NIHSS scores in women had a significant positive association with NLR. However, a negative association was showed for body mass index (BMI). Conclusion: We confirmed that the atrial fibrillation can be a predictor of high NLR in acute stroke patients, and diabetes mellitus as well as low BMI could be a predictor of high NLR in female acute ischemic stroke patients. J. Clin. Lab. Anal. 31:e22041, 2017.
INTRODUCTION
The neutrophil to lymphocyte ratio (NLR) is an important measure of systemic inflammation that has been used as a marker of subclinical inflammation. Recently, NLR has been used to predict the prognosis of cerebrovascular disease, including ischemic stroke and transient ischemic attack (TIA; 1-6). Previous studies have suggested that a higher NLR in acute ischemic stroke patients is associated with increased short-term mortality (2), poor prognosis (1, (3) (4) (5) , and a poor 90-day outcome after endovascular stroke therapy (6) . In a clinical setting, most hospitals conduct a complete blood cell count (CBC) and differential blood count test. Furthermore, as this test is inexpensive and simple, NLR could be a suitable marker for detecting the prognosis of acute ischemic stroke.
However, to the best of our knowledge, no study has previously investigated the relationship between hospital-admission NLR and various stroke risk factors. We hypothesized that some of the ischemic stroke risk factors could play a role in elevating NLR in acute ischemic stroke patients. Furthermore, it could be another predictor for the prognosis of acute ischemic stroke. Therefore, in this study, we sought to determine which stroke risk factor could be the most appropriate predictor of NLR in acute ischemic stroke.
METHODS

Subjects and Data Collection
In the present study, we collected patient information from January 2010 to September 2015 at Kyung Hee University Korean Medicine Hospital. We selected 1,053 subjects (576 men and 477 women) who met the following inclusion criteria: (1) acute ischemic stroke patients who were admitted to the hospital within 7 days from onset, (2) patients who received a CBC and differential blood count test at admission. Subjects with missing data were excluded.
We retrospectively collected data from subjects' medical records including sex, age, and body mass index (BMI), current smoking, alcohol consumption and National Institutes of Health Stroke Scale (NIHSS) score. We also investigated the prevalence of ischemic stroke risk factors, such as hypertension, diabetes mellitus, dyslipidemia, atrial fibrillation, other heart diseases (including coronary heart disease, cardiac valve disease, and heart failure, etc.), previous stroke (frequency), family history of stroke, carotid artery stenosis, and cerebral artery stenosis based on medical records. Etiologies of ischemic stroke based on the Trial of Org 10172 in Acute Stroke Treatment classification of the stroke (7, 8) were investigated. We calculated the NLR based on the CBC results at admission.
We evaluated alcohol consumption by asking patients about their consumption amount per drinking event and weekly frequency of drinking during the previous year. Through these answers, we categorized alcohol consumption state as follows: no drink, moderate, heavy, and binge drinker based on the Drinking Levels of the National Institute on Alcohol Abuse and Alcoholism. Subjects were also questioned regarding smoking status and asked to provide information on the number of packs per day and the smoking duration (pack-year (pack-yr)).
The prevalence of hypertension, dyslipidemia, and diabetes mellitus were defined by the presence of medication for each diseases or a medical doctor's diagnosis. The prevalence of atrial fibrillation was defined via the presence of atrial fibrillation in 12-lead electrocardiography, 24-hr holter electrocardiography, or echocardiography. Other heart diseases were defined through the presence of medication related to those diseases and abnormal findings in the 12-lead electrocardiography, 24-hr holter electrocardiography, or echocardiography. Carotid artery and cerebral artery stenosis were defined by relevant findings (more than 50% stenosis) in magnetic resonance angiography, computed tomography angiography, transfemoral cerebral angiography, carotid duplex ultrasonography or transcranial Doppler sonography.
Physical Measurements
BMI was calculated by dividing the body weight (kg) by the height squared (m 2 ).
Complete Blood Count Measurements
CBC and differential counts were measured using an ADVIA Ò 2120i (Siemens, Munich, Germany). The NLR was calculated by the following equation:
NLR ¼ Neutrophil counts/Lymphocyte counts:
Statistical Analysis
All analyses were performed independently for each sex. We also divided subjects into two groups according to their NLR values: the low NLR group (NLR ≤ 2.5538, which was the median value of NLR in this study) and the high NLR group (NLR > 2.5538). Baseline characteristics (age, BMI, NIHSS score, NLR date from onset in days), current smoking, alcohol consumption, and prevalence of risk factors) were compared between men and women. Paired t-tests were performed for continuous values and chi-square tests were performed for categorical values. In the regression analysis, NLR was the dependent variable. We remove the variables without statistical significance in a stepwise fashion until the adjusted R 2 reached the highest value. The analysis was adjusted for the following confounding factors: NIHSS score, current smoking history, alcohol consumption, and a medical history of atrial fibrillation, dyslipidemia, or other heart diseases in men; NIHSS score, age, BMI, and a medical history of atrial fibrillation, diabetes mellitus, or carotid artery stenosis in women.
All statistical analyses were performed using SPSS version 10.0 (SPSS Inc., Chicago, IL, USA), and significance was defined as a P-value < 0.05. The study protocol conforms to the ethical guidelines of the 1975 Declaration of Helsinki.
RESULTS
Baseline Characteristics
Subject were a mean age of 65. NLR, smoking status, alcohol consumption, hypertension, dyslipidemia, and other heart diseases prevalence between men and women. Taken together, this suggests that male and female study participants have dramatic lifestyle differences that greatly influence the occurrence of ischemic stroke (Table 1) .
Comparison of Baseline Characteristics Between the Low NLR Group and High NLR Group
We divided the subjects into two groups according to the median NLR value (2.5538). There were statistically significant differences between the two groups in the amount of alcohol consumption, prevalence of hypertension, etiology of cardioembolism (CE) and NIHSS scores for men and in BMI, prevalence of atrial fibrillation, other heart diseases, etiology of CE and SVO and NIHSS scores for women. Alcohol consumption, prevalence of hypertension, NIHSS scores in men and prevalence of atrial fibrillation, other heart diseases, NIHSS scores in women tended to increase with the NLR. In contrast, BMI in women tended to decrease with the NLR (Table 2) .
Multiple Linear Regression Model of the NLR in Men Table 3 shows the results of the multiple linear regression analyses of NLR and the baseline characteristics (prevalence of risk factors of stroke, age, NIHSS, etc.). In men, after adjusting for the confounding factors, such as smoking, alcohol consumption, atrial fibrillation, dyslipidemia, other heart diseases, and NIHSS, a significant positive association was observed for atrial fibrillation (P = 0.008) and NIHSS scores (P = 0.018) (adjusted R 2 = 0.031, root mean squared error [MSE] = 7016.13).
Multiple Linear Regression Model of the NLR in Women
In women, multiple linear regression analyses for the confounding factors, such as age, BMI, atrial fibrillation, diabetes mellitus, carotid artery stenosis, and NIHSS, showed a significant positive association for atrial fibrillation (P = 0.002), diabetes mellitus (P = 0.037), and NIHSS scores (P = 0.002) ( Table 4) . At the same time, a negative association was found for BMI (P = 0.049) (adjusted R 2 = 0.031, root MSE = 7016.13).
DISCUSSION
NLR is currently used as a predictor of prognosis for cardiovascular disease (9), cancer (10, 11) , and stroke and TIA (1-6). As a result of its simplicity and inexpensive costs, previous studies have suggested that NLR could be an effective prognostic marker for acute ischemic stroke, cardiovascular disease, and cancer. Furthermore, NLR has been proven as a useful marker for the severity of carotid artery stenosis (12, 13) in acute stroke patients and the risk of stroke in patients with atrial fibrillation (14, 15) . However, no previous study has focused on the relationship between NLR and various stroke risk factors, which are found in acute stroke patients. Therefore, the present study aimed to assess the relationship between NLR and ischemic stroke risk factors.
This study evaluated the association between NLR and the prevalence of stroke risk factors as well as NIHSS, in order to examine the relationship between subclinical inflammation and the various characteristics of acute ischemic stroke patients. Through this study, we sought to identify which risk factors could be the most appropriate predictor of NLR and the prognosis of acute ischemic stroke. Our findings show that NLR was significantly and positively associated with the prevalence of atrial fibrillation and severity of neurological symptoms (NIHSS scores) in men. Furthermore, NLR was significantly and positively associated with the prevalence of atrial fibrillation, diabetes mellitus, and severity of neurological symptoms (NIHSS scores) in women. On the other hand, in women, NLR was significantly and negatively associated with BMI. Furthermore, in this study, we confirmed that atrial fibrillation can be a predictor of a high NLR value in acute stroke patients, and that the prevalence of diabetes mellitus as well as a low BMI could be a predictor of high NLR value in female acute ischemic stroke patients.
We also found that the prevalence of atrial fibrillation has a significant and positive association with NLR in both sexes. In previous studies, atrial fibrillation has been shown to have a strong relationship with systematic inflammation and inflammation has been further suggested to play a vital role in the pathogenesis of atrial fibrillation. For example, the inflammatory response after cardiac surgery has been a proven predictor of postoperative atrial fibrillation (16) . Increased levels of plasma neopterin, which is synthesized by human macrophages upon stimulation with the cytokine interferon-gamma, is indicative of a pro-inflammatory immune status observed in patients with persistent atrial fibrillation (17) . Monocyte toll-like receptor-4 expression was also an independent predictor of atrial fibrillation recurrence (18) . Moreover, another study suggests that increased M1 macrophage infiltration is associated with thrombogenesis in rheumatic mitral stenosis patients with atrial fibrillation (19) . We believe that these previous findings are in agreement with the results of the present study. Furthermore, we assumed that a persistent subclinical inflammatory state among patients with atrial fibrillation would affect the severity of the inflammatory response in acute ischemic stroke and negatively affect the prognosis of acute ischemic stroke.
The limitations of this study are as follows. First, as this was a retrospective study using data from a single hospital, we cannot make a concrete conclusion in support of our hypothesis. Second, the number of subjects was relatively small. Thus, further evaluation in an additional future large-scale prospective study is required.
